In 2003, the Swiss drug firm Novartis launched its Institute for Tropical Diseases (NITD), a public-private partnership based in Singapore with a US$7 millon annual budget to produce drugs to combat dengue.
Several chemicals targeting key viral machinery have shown promise in the lab and NITD hopes to have an antiviral drug ready for testing by 2009.
In the meantime, NITD is developing tools to quickly distinguish patients with dengue haemorrhagic fever (DHF) from those with dengue fever. For instance, patients with few white blood cells and platelets seem more likely to suffer from DHF.
GlaxoSmithKline (GSK), which is teaming up with the Walter 
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director of the Seoul-based Pediatric Dengue Vaccine Initiative (PDVI), a non-profit organization launched in 2003 to drive a vaccine to market. In some developing countries, "the richer you are, the more likely you are to get dengue", he adds. This could be a reason for hope.
Dengue still plagues the poor people in urban areas, who face the brunt of a disease with neither cure nor vaccine. But as Asian economies boom, dengue is starting to interest pharmaceutical companies. "It's been enormously helpful to the field to see the potential market value of a dengue vaccine increase, and that has everything to do with rising incomes in Latin America and Asia, " says Bruce Innis, who heads vaccine development at GlaxoSmithKline (GSK). "The reason why GSK and Sanofi-Aventis are in this business is shrewd business judgement, " says Halstead.
Andrew Farlow, an economist at the University of Oxford, UK, who is working to determine the potential market for a dengue vaccine, says that there would be a substantial private market for a dengue vaccine in Asia and the Pacific. And the high economic toll that dengue takes in southeast Asia -US$2.36 billion in the next 10 years according to the World Bank -means that middle-and high-income countries will be willing to pay more.
Spread by the bite of the female Aedes aegypti mosquito, dengue is caused by four Flavivirus strains. Those infected develop high fever and debilitating joint pain that can leave them bedridden for weeks. Infection with one strain provides lifetime immunity against that strain, but not against the other three. In fact, immunity from one strain boosts the chances of having a much more severe illness, called dengue haemorrhagic fever (DHF), because antibodies against another strain latch onto the virus and speed its entry into host cells. The result is immune overload, as blood vessels leak and the body goes into shock.
Target the hosts
Dengue fever isn't deadly, but DHF kills one in five if patients are not given adequate hospital support. More than 500,000 people -mostly children and infants -contract this more severe form of dengue, which kills 20,000 every year, making it a leading cause of childhood death in many countries. And the numbers are increasing.
Without an effective drug or vaccine, the only way to stem dengue is to go after its host. The mosquitoes flourish in small pools of clean water outside homes -tyres and plastic containers are some of their favourite spots.
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Dengue is an almost exclusively urban disease -the WHO describes it as a "man-made problem related to human behaviour". "If they breed, you will bleed, " warns a pamphlet being distributed by the Singapore government that features a menacing mosquito. Unlike other countries in southeast Asia, Singapore has spent millions on mosquito control and surveillance, keeping a daily map of dengue hot spots. Citizens are fined up to S$200 (US$132) if mosquitoes are found on their property. But these measures haven't stemmed the virus's spread in recent years, largely because of ineffective programmes in other countries, says Duane Gubler, a dengue expert at the University of Hawaii in Honolulu. An influx of workers from neighbouring countries in which the disease is endemic transmits the virus to small pockets of mosquitoes in Singapore, Gubler says. Worse, decades of low infection rates have left the country's population with little immunity and now fewer mosquitoes are needed to spark an outbreak.
Until recently, there has been scant financial support for research and development of vaccines and treatments. But coinciding with an economic boom in affected cities, drug companies have begun pumping in money and manpower (see 'Research frontline'). Dengue' s immediate potential public and private market is unprecedented, says Harold Margolis, director of PDVI. In 2003, his firm received a $55 million grant from the Bill and Melinda Gates Foundation, Seattle, Washington, to support development and testing of dengue vaccines, including gauging the costs and impact of a vaccine. And many in the field say an economic incentive improves the outlook for a vaccine or treatment. "I' d rather be working with a company that feels positive they're going to get some reward, " Halstead says.
A dengue vaccine could have a market in the hundreds of millions, says Margolis, who is working to ensure that the vaccine will be available to everyone who needs it -not just those who can pay for it. A twotiered market -public and private -is likely to emerge, catering to governments on one hand and to travellers, the military and foreign-aid organizations on the other, says Margolis. "You can sell it to the private sector, but it may not make dengue go away, " warns Margolis. "If that happens, that could severely affect the success of dengue vaccination. "
But a dengue vaccine is not a fait accompli, and a number of challenges could slow or derail development. One of the most important is the vaccine's safety. A successful vaccine would need to provide immunity to all four strains of the virus. Inadequate protection against any one strain could boost chances of coming down with DHF. And with hundreds of millions of people vaccinated, any slight safety problem will be magnified, says Halstead.
Although no one questions the need for a dengue vaccine, some wonder how far away it actually is. "We've been waiting for a vaccine for a very long time," says Michael Nathan, dengue specialist at the WHO. He emphasizes the importance of continued mosquito control, which can address not just dengue, but other mosquito-borne diseases, such as yellow fever and malaria (see 'Mosquito-borne diseases').
In the meantime, Singapore and its increasingly wealthy neighbours may have to contend with more of Ng's generation falling to this indiscriminate killer. Varies from year to year, depending on outbreaks
